Based on this original postulation, the majority of studies during the last decade have been focused on the role of COX-2 in the pathogenesis of various diseases, such as cancer
, atherosclerosis [5] , Alzheimer's disease and other neurological disorders [6] , inflammatory and autoimmune diseases [7] . In contrast, the role of COX-1 in the pathogenesis of various diseases was neglected, as well as the role and distribution of COX isoforms in healthy tissues, particularly in human beings.
However, a growing body of evidence has been emerging, suggesting that the biology of COX isoforms is much more complex, and that the originally postulated division into 'constitutive' and 'inducible' COX is an oversimplification [8] . Some studies have shown that both isoforms, not only COX-1, are important in the maintenance of homeostasis, and that both isoforms, not only COX-2, are involved in various pathological conditions [8] [9] [10] [11] [12] [13] [14] . 
Even though the role of COX in homeostasis and disease in now well appreciated, scarce and controversial information is available concerning the distribution of COX isoforms in normal human tissues and organs. The aim of our study was, therefore, to analyse the expression and distribution of COX isoforms in presumably normal human tissues and organs, obtained at autopsies and biopsies, using immunohistochemistry, Western blotting and real-time RT-PCR.

Material and methods
Autopsy and biopsy samples
Endocrine cells in crypts Majority of cells in lamina propria Smooth muscle cells Blood vessels Surface and crypt epithelium Rare cells in lamina propria Ganglion cells
Adrenal gland (n ϭ 10)
Rare secretory cells in the cortex Blood vessels Cells in the interstitium (fibroblasts, macrophages) Secretory cells in the cortex (variable) Few secretory cells in the medulla
Hypophysis (n ϭ 20) Some secretory cells in the adenohypophysis Pituicytes in the neurohypophysis Blood vessels Some secretory cells in the adenohypophysis
Thyroid gland (n ϭ 15)
Rare follicular epithelial cells Interstitial cells Blood vessels Follicular epithelial cells
Pancreas (n ϭ 15)
Rare cells in islets of Langerhans Extra-insular endocrine cells Interstitial cells Blood vessels Some cells in islets of Langerhans Some acinar cells Epithelial cells of interlobular ducts
Spleen
Real-time RT-PCR
Using real-time RT-PCR, we detected COX-1 and COX-2 mRNAs in all tested samples. Figure 7 represents relative differences in the expression of COX-1 and COX-2 genes at mRNA level. In some organs, for example in the stomach, colon and small intestine, expression of COX-1 mRNA was greater than the expression of COX-2, whereas in other organs, e.g. the lungs, thyroid gland, and spleen the expression of COX-2 mRNA was greater. In the liver, COX-1 and COX-2 mRNAs were equally expressed. The differences in the expression level of the two target genes were statistically significant for the stomach (antrum), spleen, lung and thyroid gland (Student's t-test; P < 0.05).
DISCUSSION
Our results indicate that tissue distribution of the two COX isoforms under 'normal' conditions is more complex than generally believed. Not only COX-1, but also COX-2 was found to be expressed in many presumably normal human organs and tissues. However, the distribution patterns of the two isoforms were different. COX-1 expression was fairly constant and did not vary significantly among cases. It was found mostly in blood vessels, interstitial and supportive cells, smooth muscle cells, platelets and mesothelial cells, and only rarely in parenchymal cells. In contrast, COX-2 was found predominantly in parenchymal cells, and only occasionally in resident inflammatory cells, interstitial cells, endothelial cells and smooth muscle cells. In some organs, the intensity and extent of immunohistochemical reaction varied considerably between cases. Despite the fact that COX-1 is widely quoted as a ubiquitously present COX isoform in most organs and tissues under physiological
Seminiferous tubules Rarely interstitial cells Epithelial cells of rete testis (focally)
Prostate (n ϭ 12)
Some cells in the glandular epithelium (predominantly basal cells) Smooth muscle cells Interstitial cells (macrophages, fibroblasts)
Rare cells in the glandular epithelium (predominantly secretory cells) Focally smooth muscle cells
Miscellaneous
Platelets Adipose tissue Mesothelial cells Endothelial cells and smooth muscle cells in blood vessels
Adipose tissue (variable) Occasionally endothelial cells and smooth muscle cells in blood vessels (for example in the lung and brain)
The number of analysed samples (n) is given in brackets.
Fig. 1 COX in the brain. Positive immunohistochemical reaction for COX-1 in the glial cells (A), and for COX-2 in the neurons (B).
Fig. 2 COX in the lung. Positive immunohistochemical reaction for COX-1 in blood vessels and in smooth muscle cells in the bronchiolar wall (A). Positive immunohistochemical reaction for COX-2 in epithelial cells of the bronchiolar wall, and in inflammatory cells (B).
Fig. 3 COX in the kidney. Positive immunohistochemical reaction for COX-1 in the terminal portion of afferent arterioles at the glomerular entrance, in interstitial cells and in the parietal epithelial cells of the Bowman's capsule (A). Positive immunohistochemical reaction for COX-2 in proximal tubules (B).
Fig. 4 COX in the large bowel. Positive immunohistochemical reaction for COX-1 in the muscularis mucosae, in crypt endocrine cells, and cells in the lamina propria (A). Positive immunohistochemical reaction for COX-2 in the surface and crypt epithelium, and rare cells in lamina propria (B).
conditions, data in the literature regarding its exact tissue distribution is relatively scarce. The majority of published studies have analysed COX-1 distribution in solitary organs, using variable approaches for in situ protein detection [6, 14, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] , and/or methods which do not enable determining the distribution of COX-1, but only confirm the expression of either protein or mRNA in the tissue [9, 11, 28] . Koki et al. [29] (2) , lung (3) and spleen (4) . (E); COX-2 in the cardiovascular system, where it was only occasionally detected in samples from the heart (1), aorta (2) and coronary artery (3) . COX-2 in the subepicardial adipose tissue (4 [32] .
in blood vessels, in epithelium of rete testis, and in rare interstitial cells (A). Positive immunohistochemical reaction for COX-2 in the seminiferous tubules (B).
Fig. 6 Expression of COX-2 protein in normal human organs and tissues, as detected with Western blot analysis. (A); COX-2 in the endocrine glands: adrenal cortex (1), thyroid gland (2), hypophysis (3). (B); COX-2 in the liver and digestive tract: liver (1), mucosa of the colon (2), mucosa of the stomach -antrum (3), mucosa of the stomach -corpus (4). (C); COX-2 in the reproductive organs: testis (1), prostate (2), uterus (3) and periovulatoryphase ovary (4). (D); COX-2 in the kidney cortex (1), brain
In contrast to COX-1, it is generally believed that COX-2 is not present in most normal tissues, with the exception of the brain [6] , kidney [18, 33] , and female reproductive system [25, 34] . However, some previous studies have detected COX-2 in other normal tissues [9, 11, 17, 19-24, 26, 28, 35-42] [11] and experimental animals [43] . Some authors, in contrast, did not find any COX-2-positivity in normal human [44] or animal hearts [45] . The significance of COX-2 in the normal heart has not been elucidated. In rats, COX-2 has been found to increase with age, and this increase was associated with elevations in reactive oxygen species [43] . It has been suggested that COX-2 is the source of the reactive oxygen species which are known to be responsible for oxidative stress characteristic of aging processes [43] .
It is widely quoted that COX-2 is the predominant isoform in the normal kidney, but the reported distribution of COX within the kidney is highly variable. We found COX-1 in blood vessels, including the afferent arteriole and collecting ducts, and COX-2 in the proximal tubules and occasionally in podocytes. Our results are similar to some previous reports [18, 46] , but differ significantly from those described in some other studies [33, 47] 
